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‘Theorotieal  Bneio  of  Operation  of  this  Aerouol  XYX-1  Chamber  for  the 
.Study  of  Experimental  Respiratory  Irfootione 

Report  I 

Operational  Dynamic r  of  the  Aorouol  Ohanber 
V,  M.  Bolotoroldy 

The  Institute  of  Virology  ineni  0.  1 .  Ivanovskiy  of  tho  Aaadmny  of 
Madloal  Sciences  U3SR,  Wo boom 

Roeoivad  8  Jtily  1959 

The  1 1TK—1  ohouabor  w»»  oroatcd  (1 )  for  tho  study  of  virus  infsotions 
produced  by  uorosols  of  the  pathogono  of  roopiratory  infections. 

In  tho  uoo  of  tho  aoroscl  char.bcrs  a  r.u,rbor  of  quactione  of  a 
pbyoical  nature  arias' without  an  annvrsr  to  which  work  with  infectious 
r-orofiolo  uay  be  inoornoloto .  ka. ong  the  no  quoetiono  in  that  ci‘  the  tiito 
Ion  equilibrium  (maxima)  aeroaol  oonoontvr.tion  in  reached  in  the  ohoahor, 
j  tho  tia#  need  ad  for  removal  of  the  nero-.'ol  from  tho  nharibar  after  per-  1 
j forming  the  experiment,  the  time  for  which  the  fioroool  ia  preaor.vcd  in  j 
jtho  ohoaber,  tho  quantity  of  sprayed  viruc-oontninlng  isatsrial  by  voichjb, 
I  tho  quantity  of  this  tutorial  uboorbod  by  animals,  c.»d  vany  others,  In 
^addition,'  knovledgo  of  too  physical,  oharao '.oriotio  s  of  operation  of  the 
^  ihambor  la  nooeacary  for  nAldn."  up  rule?  oi  safety  technique,  without 
{which  work  with  the  aeroao]  apparatus  would  be  ircpoasj.blta,  ! 

|  In  the  prepant  report  tho  fundamental u  of  the  theory  of  ororc.tlon! 

i of  the  IVK-1  aoronol  ehtesber  are  preecnted,  which  oaxi  bn  uoed  for  work  t 
(with  ony  oinilar  ohaatar.  I 

:  Let  ut  .ooncidor  a  ohambor  with  a  volume  V,  in  whioh  a  wprayov  has: 

[boon  sst  whiflh  hao  an  output  of  tho  vi rue- contain! ns  aororo'J.  iiucponsloilj 
!ef  fr  per  unit  time.  Tho  value  of  f  cun  ohcngn  during  tho  orp-.riitont . 
iT'nio  is  espial ned  by  tho  feet  that  the  quantity  of  viruo-centalning 
|  ’unponcion  during  tho  period  of  operation  of  the  oprayor  io  aotreaoing 
f constantly*  while  the  air  pronouro  roarino  oonotant.  Lot  uo  designate 
.with  the  letter  "L"  the  quantity  of  air  fod  to  tho  ohojtbcr  por  unit 
Itimo.  The  cheubor  oonimunl oaten  with  the  atnoephoro;  thoreforc,  no 
iesoooo  proanuro,  above  atmospheric,  ooours  in  tho  chamber  fvea  thb 
Untranco  of  the  aerosol  into  it.  Naturally,  tho  edr  coning  froa  the 
Uhauber  is  dioinfeoted,  but  this  io  not  oignificant  for  the  profcloae 
.  [being  analyzed. 

I  The  figure  t  is  measured  in  grans  per  nV.nrto;  V*  in  litorcj  L,  I 
.in  litero  per  ninuto.  Henceforth,  for  estimation  purpose?  vo  shall  tioej 
•the  following  figures  for  tho  IVK-1  ohanbcri  V-IOOi  L«42  litors/ndn;  ! 
'f»0.11  greu/nin  (on  the  f.verago  fo?  the  time  of  operation  of  the  sprayoh 

jin  ths  experiment).  I 

I  Let  ue  imagine  the  ohtaubor  before  starting  tho  spraying.  At  ooiee[ 
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now«nt  the  oyrayar  hominy  to  work.  Hi*  aoroaol  content  In  the  ohumbor 
m1\1  ineron.ro  until  *iv  not  non  taint  ng  aerosol.  In  disnjaood  f.-.y*  it, 
Roughly,  this  le  the  ti»o  it  takoo  for  tho  oprr.yod  notorial  to  fill-' tho 
ohaciber,  renanao  tho  chamber  woluco  oqunlr  V  liter©  r.nd  tho  norayer 
auppl.loo  t  liter©  of  storowl  por  ninuto,  then  t0,  roughly  oquni  to  V/l, 
(1)  nlr.utoo  after  tb©  beginning  of  apj-ayln;  tho  ontiro  t dr  whloh  dooB  t 
joontr.ln  aavofiol  will  bo  dlnpluoed,  and  tho  ohajfcor  will  ho  filled  with 
{aproyad  infectious  material.  Tho  tino  t0  will  bo  called  tho  tine 
{for  "soaronjjing"  the  obewbov. 

*  Etidantly,  tho  final  quantity  of  suspension  in  tho  ohanber  oannol 
oxaaod  a  fi,ruro  of  f  oqual  to  V/l,  (2),  hooanoo  with  furthor  influx  ef 
tho  oujponflion  into  tho  ohanbar  tho  fmco  quantity  of  nucponcicn  will  be 
carried  away  by  air  leaving  tho  chorabnr.  Kero  \<o  are  not  eonnic-v/inp 
jtho  oot-tlliv;  of  tho  aeronol  or.  the  wnlin  and  floor  of  tho  ©haabar.  If 
Itha  tiwo  noodod  for  aottllnq  or  coagulation  of  cho  aerosol  particles 
(tholr  *lif«apajio" )  io  groat  or  than  tho  "ftotmmjrinj*  tiu.a,  tho  lifonpatj 
of  tho  particle©  z-ay  bo  overlooked,  beoauun  the  no  partiolon  vill  ho 
axrri jd  avuy  by  tho  air  current  (they  do  not  mxna.-ro  to  nottlo),  Kowoveij, 
Jif  tho  llfft;pan  of  tho  aororol  particle©  in  leso  than  the  "ooavonjlng"  1 
plwo.  those  partioloe  will  settle  out  on  tho  vtlln  and  floor  of  tho 
jflh.vsbor,  ar*d  the  tine  needed  for  tho  ocourronco  of  an  equilibrium  cor.ooil- 

jtration  ic  oqual  to  thoir  lifespan.  In  view  of  tho  fact  that  tho  aorosql 

pono.iots  of  particle a  of  different  oizea,  tho  tlno  noodod  to  reach  an  ] 
equilibrium  concentration  for  tho  mall  aoronol  partiolon  in  tho  "scaven¬ 
ging*  tina;  foi  tho  lurgo  ono«,  "tholr  lifespan*. 

Saving  doaorlbed  tho  uairr  qualitative  features,  lot  ua  analyze 
the  work  oquation  of  th«  ohiusbor.  Lot  uo  try  to  find  out  tho  tiao 
jralationchips  of  the  ontJ.ro  aerosol  rvsuo  in  tho  oh&abor,  that  is,  of  th« 

pass  inoludod  In  drops  of  a  oortedn  radiuo.  Lot  us  designate  tho  antir< 

jraaas  of  drop©  of  radius  r  in  the  ciuucoor  by  tho  loiter  !,x", 
jsbovld  oatiefy  tho  following  differential  equation*. 


Than 


w  V 


(3) 


j*eh«ro  Awia  tho  probability  of  death  of  tho  nisrtiolet;  per  ur.it  tiae)  l/^ 
do  the  ohf.ractorietio  of  tho  "lifospan0  of  pra'tiolcr*  with  radius  r  io 
itho  cl.arr.bcr,  a  vnluo  which  ic  the  rocipr-'cal  of  the  probability  cf  ttocii 
jdoathj  f  i«  the  jTMbor  of  grw.ja  of  viruo- containing  cuononslan*  ruppliod ! 
ipo?  urdt  tir.o  by  tho  ep.*ivj’or  in  tho  form  of  particles  with  tho  rone  i 
Vodiuo.  In  world nj  with  aorocola  of  any  oVnor  d'>(*rroe  of  dicporcicn  the! 
eorrearonfir^*  value  of  A  io  uaoa,  which  ic  proportional  to  tho  ocuaro  ojf 
Kho  particle  radius. 


|  Ti‘<o  phywioAl  oicnifioarico  of  tho  ooparatu  terras  in  equation  (?) 
in  tho  following.  On  tho  loft,  cho  ohango  in  tho  aerosol  isaoo  io  ina'J-i 
^ate<?  por  \uiit  tJfio,  It  io  a  funotion  of  tho  man  f(t)  being  fed  to 
|tho  chacber  nor  unit  titco  (the  flrot  tera  on  tho  ri^ht  rddo),  the 
rux«e  of  the  aerosol  vhioh  presipitatce  and  sottlno  out  on  tho  waIIc  and1 
ffleor  of  the  ohanbor  by  virtue  of  proeeaooo  whioh  will  bo  annlynod  in  1 
tho^  noxt  report,  and  of  tho  aerosol  ourriod  out  of  tho  ohty^ap  wtijh  th cl 
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.  C  K-  ftVr  (tho  third  tarn  or.  tho  rlrht)*  no  Inst  two  tor::*,  have* 

1  Bim*  •>?’»  t'h0-*‘  °QUJO  a  aofir'’*^  i"  *'n»  rupbur  of  parti  cloo. 

:  L  r  I0  fV'/r  °  0,<  thr  ^^nol  ahanbor  havo  been  analyze 

i  b-  Peaahwry  {JJ  ^boonuao  nusbore  are  riven  for  roforonooo  ond  for 
[vnriour:  equations  in  thin  nrtlclo  tho  for »or  v»i  11  bo  put  in  brnclratg* 

■  |  .he.lR,^0.r*  paronth050-v7*  Cur  oruo.ti.on  (5)  in  different  from 

•  ln  tW°  Vn^octn*  ln  Roaobury'n  work  neither  j 

fth0  '•lwionaMp  of  tho  coniiuuption  of  the  fluid  to  time  nor  tho  t«  ;0-  < 

■S  i5:\ft”3  o:  tho  00,,0‘,0i  partioleo,  an  dotorirtnad  bv  tho  firuro  A.  nra 
i  .taken  into  consideration.  In  equation  (?)  thny'  are.  Tho/oforo,  oquatiin 
;;  (, )  i  a  ror-j  (winornl  or, o,  awl  it  bocoau.a  tho  nano  aa  thatlobtoinod  by 

(Rosobuvy  whon  \*-0  and  df/dt-O.  / 

L  «  *?,  I  \,olnt  or  fact,  A  is  certainly  rot  oqutvl  vo  0.  Thorefnro,  us^ 
e.  Fo»obu.y  a  equation  o an  load  to  incorrect  ronulto.  After  tho  counlo-i 
.  !;ron  01  *ho  spraying,  whon  tho  supply  of  air,  L,  and  the  enoolv  of  *  ! 

.tno  cuvponiuon,  f,  become  ooual ‘ to  zoro,  Fosobury's  equation’ has  the  j 
,ioiiouirvr  form:  1 

j  •  (•»>  | 

j  |t)io  solu-ion  of  which  ia  that  x»oonct«rt,  that  io,  the  quantity  of  ' 

^sponsion  sprayed  into  the  chamber  coon  nut  ehamco.  Ao  a  matter  of 

j  i,‘fCt,.af‘er  t,w  ooncluoion  of  tho  spraying  tho  noroeol  cottloa  out  in  ! 

wJ!L?r??,9r'  an^*i'iG  ic  doacribotl  by  our  equation,  which  i 

imoer  thoao  oonoitiona  aosuaios  tho  following  *\>r,a: 

O,  l 

Ur  (5) 

(it  ; 

:  l 

,i.ic  solution  of  tills  is  as  follows:  | 

;  -1/  1 

:  iri~i:r'  t$,  \ 

'  Uon'o'^t'  "rwl  in  th0  oi’"“bor  “*  v™  Ubo  "  ->4 

Tror:  tho  la3t  formula  it  follow?  that  with  t«>?.3/V  T-n  w  +v,_«.  i 
*bo  H0r?fl0J  concentration  in  tho  eharbor  dacroanos  10  i.in«fl.'0,y^n  ! 
tl.16  Im  wJmIomMj  of  A;,  l.v,  lU„yKB  of  Vo,  ooroool  li  mm. 

Tho  solution  of  equation  (3)  lcolcn  like,  thin:  ! 

•  i  '  I 

— U-i - ](/—«>  i 

*(0-Sjr  ^  l’  '  •/{*}  «/.«).  .{7, 

&ayinO7x(l)-0  *SltA  °‘  in,;^i*atlor,  tro  «noar,n  so  that  t-o  (ni  u-t  of  * 

1  uIn  a  nW!L’f  0f.caGCfi  (7)  for  the  quantity  of  aovosol  in  i 

tho  chomoer  can  be  si-.plifiod .  J  1  irv  ’ 

L-.t  us  aonumo  that  f  does  not  dopond  on  the  tiao  (ntcbilircd  food  : 

.  of  the  3uopanalon)j  then  fTom  equation  (7)  we  obtain:  ; 
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Lot  ue  analyze  t*<o  cases i 

K)  \  I*A i  Hosobury’a  aquation  belongs  to  thie  case  also 
(th«  lifespan  of  tho  aoroaol  is  rsuoh  longer  than  the  "eonvenging*  tinoJ 
that  i«t  the  tireo  in  which  the  air ‘in  the  ohnrebar  is  conpletolv  roplaoedi 
it  is  equal  to  V/l).  Thont 


j i-io3*3**]  ; 


<P) 


With  inoroaso  in  t  thie  figure  approaohoo  ito  maxitiure  valuo: 
Xo«f'V/L  (10),  whereby  with  t«2.3*V/L  (it)  x  roaohoc  90  poroont  0f  the 
equilibrium  value,  Xq, 

^llo  equation  (l)  roughly  defined  the  tino  neodod  for  saturation 
of  too  chare's  or  with  aerosol,  equation  (ll)  which  wo  hove  obtained  povniti 
a  determination  of  this  tiree  with  eouovhat  groator  accuracy.  After  1 
substituting  t'no  pe.raactors  of  our  chonbor  into  thin  oquation  wo  obtain 
that  the  tireo  noedod  for  saturation  is  oqual  to  t0-2.J‘ 100/42V3.4  \ 

ainutos,  j 

Therofore,  T,.t  early  as  aftor  about  five  cinutoo  tho  equilibrium  | 
concentration  is  reached,  and  from  thio  tireo  cn  tho  aoroaol  ooneenU'atijo! 
chang on  very  littlo.  Thu3,  it  fellows  frere  tho  conation  that  if  tho 
aoroaol  concentration  in  the  oharcber  aftor  t0  idnutoo  is  oqual  to  90 
poroont,  then  aftor  2t0  it  will  roach  9?  porccnt,ond  aftor  Jt0,  99.0 
poroont.  It  should  bo  taken  into  account  that  tho  time  t0  io  doter- 
reined  by  the  volume  of  tho  chamber  o.nd  tho  oxpondituro  of  air.  Vnior 
tho  condition  whioh  we  have  nnalysod  tho  relationship  of  tho  aoroaol 
ooncontr&tiona  to  tho  tino  can  bo  ropre3ontod  graphically  by  reoane  of 
the  following  graph  (soo  Figure). 

b)  L/V  (tho  lifespan  of  the  aarosol  particles  is  nuoh  lees 
than  the  "ooavenging"  time).  In  thie  oaso  solution  of  equation  (8) 
Aimcaafl  the  following  forrei 
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This  eolution  difforo  fron  solution  (9)  only  in  tho  replacement 
of  V/L  by  1  /Kf  that  is*  in  tho  oa*o  being  onalyaod  tho  tiao  flooded  fo? 
reaching  the  equilibrium  concentration  is  not  equal  to  the  "scavenging 
tires  but  rather  to  the  lifespan  of  tho  portioloa  in  tho  ehaober. 
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Aerosol  Concentration  in  Peroentagas  of  tho  Equilibrium  Concentration 
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Saturation  of  the  chamber  under  this  condition  oocura  whon  l 

t^»2.j/X»  Graphically,  thia  relationship  will  havo  tho  samo  fora  as  J 
on  the  Figure  presented  but  t0  being  roplaood  by  .  » 

The  tiao  in  which  tho  aorocol  in  removed  from  tho  chamber  in  | 
equal  to  the  time  tho  equilibrium  coneantration  la  roc.chod,  t«2.5V/i >  > 

«f5.A  iiimitoo.  Thereby,  oftor  tho  timo  t  tho  chamber  will  oontoin  10  j 
percent  of  the  aerosol;  after  2t,  o no  peraont;  after  Jt,  0.1  norooni  * 

of  the  aerosol.  Therefore,  wo  can  with  definite  accuracy  asoorlain  ’ 
the  tiao  needed  for  removal  of  tho  aerosol  frert  tho  chaabor,  which  ic 
very  important  for  work  with  virulont  pathogano,  Precise  calculation 
of  this  tlan  and  atriot  obaorvnnco  of  it  in  working  with  the  ohamber 
sake  it  peacible  to  bo  completely  .  ?.fo  in  taking  experimental  anicale 
out  of  the  ohav.ber  after  the  performance  of  tho  experiment.  The 
quantity  of  aerosol  remaining  in  tho  ohamber  is  oaoily  dinlnfeotod  by 
aeons  of  spraying  in  appropriate  disinfectants. 

Conclusions 

1.  The  operational  dynanico  of  iho  IVX-1  aorucol  chamber  were 
analysed,  and  a  mathematical  equation  has  been  given  fer  it a  operation,! 

2.  In  the  experimental  study  of  various  aeror-olc  containing  viru4 
or  baotoriai  material  spraying  must  bo  accompli ched  with  consideration j 
of  tho  time  at  which  the  equilibrium  (maximum)  concentration  occurs.  j 

5.  On  completion  of  tho  work  in  tho  aoroool  chamber  with  | 

infeotlcua  catena!  the  longth  of  tino  spent  in  scavenging  the  ohanbor  t 
should  correspond  to  the  tirjo  of  nextr/aw  possible  (99-9  percent)  I 

removal  of  the  infectious  material  (that  is,  threo  timoo  tho  "eoaveng.itfcr 
tine"). 

A.  The  data  presonted  permit  us  to  caloulato  the  timo  needed  fov 
roaohing  the  equilibrium  concentration  of  tho  aoroool  And  the  "soavongin; 
tine  of  tho  ohuabor. 

5.  Tho  fundamentals  of  operation  of  the  IVK*-1  aerosol  chamber 
presented  oan  be  used  for  work  with  any  aerosol  chaaboro, 

_  In  conolusion.  I  should. like  to  cypress _ay_ slncera  appreciation.. 
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